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Abst ract

Highly pathogenic avian influenza (HPAI) H5N1 was first encountered in 1996 in Guangdong province (China) and started
spreading throughout Asia and the western Palearctic in 2004–2006. Compared to several other countries where the HPAI
H5N1 distribution has been studied in some detail, little is known about the environmental correlates of the HPAI H5N1
distribution in China. HPAI H5N1 clinical disease outbreaks, and HPAI virus (HPAIV) H5N1 isolated from active risk-based
surveillance sampling of domestic poultry (referred to as HPAIV H5N1 surveillance positives in this manuscript) were
modeled separately using seven risk variables: chicken, domestic waterfowl population density, proportion of land covered
by rice or surface water, cropping intensity, elevation, and human population density. We used bootstrapped logistic
regression and boosted regression trees (BRT) with cross-validation to identify the weight of each variable, to assess the
predictive power of the models, and to map the distribution of HPAI H5N1 risk. HPAI H5N1 clinical disease outbreak
occurrence in domestic poultry was mainly associated with chicken density, human population density, and elevation. In
contrast, HPAIV H5N1 infection identified by risk-based surveillance was associated with domestic waterfowl density, human
population density, and the proportion of land covered by surface water. Both models had a high explanatory power (mean
AUC ranging from 0.864 to 0.967). The map of HPAIV H5N1 risk distribution based on active surveillance data emphasized
areas south of the Yangtze River, while the distribution of reported outbreak risk extended further North, where the density
of poultry and humans is higher. We quantified the statistical association between HPAI H5N1 outbreak, HPAIV distribution
and post-vaccination levels of seropositivity (percentage of effective post-vaccination seroconversion in vaccinated birds)
and found that provinces with either outbreaks or HPAIV H5N1 surveillance positives in 2007–2009 appeared to have had
lower antibody response to vaccination. The distribution of HPAI H5N1 risk in China appears more limited geographically
than previously assessed, offering prospects for better targeted surveillance and control interventions.

Citat ion: Martin V, Pfeiffer DU, Zhou X, Xiao X, Prosser DJ, et al. (2011) Spatial Distribution and Risk Factors of Highly Pathogenic Avian Influenza (HPAI) H5N1 in
China. PLoS Pathog 7(3): e1001308. doi:10.1371/journal.ppat.1001308

Editor: Neil M. Ferguson, Imperial College London, United Kingdom

Received August 3, 2010; Accepted January 31, 2011; Published March 3, 2011

This is an open-access article distributed under the terms of the Creative Commons Public Domain declaration which stipulates that, once placed in the public
domain, this work may be freely reproduced, distributed, transmitted, modified, built upon, or otherwise used by anyone for any lawful purpose.

Funding: This study was supported by the Food and Agriculture Organization of the United Nations and funded by the United States Agency for International
Development (USAID) through the FAO Emergency Center for Transboundary Animal Diseases (ECTAD) office in China. The study was also supported by the
National Institutes of Health Fogarty International Center through the NSF/NIH Ecology of Infectious Diseases program (7R01TW007869-04). Dr. Xiao is also
supported by the Chinese Special Program for Prevention and Control of Infectious Diseases (No. 2008ZX10004-012) from the China Ministry of Health and China
Ministry of Science and Technology. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Compet ing Interest s: The authors have declared that no competing interests exist.

* E-mail: mgilbert@ulb.ac.be

Int roduct ion

HPAI H5N1 virus infection was first encountered in China in

1996 in the southern part of the country with the discovery of a

virus that killed geese in Guangdong province (Goose/ GD/ 96)

[1]. In 1997, Hong-Kong experienced the first major outbreak of

HPAI H5N1 associated with several human deaths, alerting the

international community to the potential threat caused by this new

strain of HPAI virus (HPAIV). Between 1999 and 2003, the virus

underwent a series of evolutionary changes and multiple genotypes

of HPAIV H5N1 detected through routine live bird market

surveillance in southern China emerged, indicating that the virus

was still active and widely circulating [2]. However, the first major

outbreak of HPAI H5N1 in mainland China started in January

2004 in Guangxi autonomous region, in southern China,

bordering Vietnam. As the outbreak unfolded, the disease was

detected widely throughout the country, causing over 110

outbreaks in 23 provinces since the onset of the epidemic and

leading to the culling of more than 35 million poultry to curb the

spread of the disease.

To answer the challenge of controlling HPAI H5N1 across such

a vast territory characterized by a diversity of agricultural

production systems and economic development, China has taken

several important steps to confront and control outbreaks and deal

with the occurrence of human cases. These steps include measures

such as stamping out, movement controls, cleaning and disinfec-

tion of infected premises, and the adoption of a nationwide

massive vaccination campaign combined with intensive post-

vaccination surveillance efforts. Effective vaccines have been

developed and disease outbreaks have been responded to in a
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A schematic diagram for ecology, epidemiology and decision support 
systems of avian influenza 
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Are wild birds a victim or vector?  



H5N1 outbreak in wild birds, Qinghai Lake, China 



Ruddy shelduck (Tadorna ferruginea) Bar-headed geese (Anser indicus) 

 
Capture and mark waterfowl to study 
their local movement, habitat use, and 
migration in relation to potential HAPI 
H5N1 spread 

Satellite telemetry of waterfowl 

Qinghai Lake, China 
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Track migratory waterbirds through GPS-based satellite 
telemetry  

from John Takekawa 

524 transmitters  

  12 countries 
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Gilbert et al., 2011, Flying over an infected landscape: distribution of HPAI H5N1 
risk in South Asia and satellite tracking of wild waterfowl, Ecohealth,  
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How to reduce spatial uncertainty in complex systems?  



www.eomf.ou.edu/photos 



Geo-tagged field photos are ground reference data, and can be used for disease 
surveillance & epidemiology: poultry farms, free grazing, markets, virus samples 



Link geo-tagged field photos with satellite time series images 



GeoPhoto library is used to support rapid and dynamic mapping of land use and land cover 



GeoHealth  data portal 

 Informatics approaches to 
integrate disparate sources of 
datasets 

 Data mining and visualization 
 

 Disparate datasets 
 Highly pathogenic avian 

influenza H5N1 data 
 Human population 
 Poultry, pigs,  
 Satellite telemetry of wild birds  
       - Wild bird migration 
 Satellite-based mapping of 

agricultural land use - paddy rice 
 AIV surveillance data (GenBank, 

OpenFlu) 
 Market chain data 
 Geo-tagged field photos 
 Weather and climate 



Data visualization and integration 



Food and Agriculture 
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Nations (FAO) 
 
Animal Production and Health  
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Decision support system in FAO 
  
The Emergency Prevention 
System (EMPRES) for Priority 
Animal and Plant Pest and 
Diseases 
 
Crisis Management Center 



Global Early Warning System 
(GLEWS) for animal diseases 
that are transmissible to 
humans 
 
FAO, OIE and WHO established it 
in 7/2006.  



To link FAO EMPRES-i data portal with OU EOMF GeoHealth data portal 


